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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high stability with a simple operation by discriminating one port having a 
maximum cell arrival rate and adding a dummy cell to ports except the maximum rate cell arrival port in order to permit 
the arrival rates with respect to the whole ports to be nearly equal. 

SOLUTION: A chuting blanks switch is provided with four input ports 6-1 1 to 6-14 and four output ports 6-21 to 6-24, for 
example. The cell arrives at the input ports 6-11 to 6-14 by different rate. A rate discriminator 6.3 discriminates the input/output 
ports 6-1 1 to 6-14 and 6-21 to 6-24 of the maximum arrival rate. A filling settler 6.4 settles a dummy flow corresponding to a 
proper queue to permit the arrival rates with respect to the whole ports 6-11 to 6-14 and 6-21 to 6-24 to be equal. A dununy cell 
generator 6.5 generates the dununy cell. A scheduler 6.6 executes routing by a heuristic MBM method without considering a 
queue length. 
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MatJfN«i^t-3>0. (¥-5T»«2i^XrA(4MxN 

( b ) t^x<r>xi]^- Kat^ai*'-K- h fc^tti. 

flE-Xx -yr (a) tfcV^T. BilSMjlOA:^^- hco 
3*><01oc7)A:>3d?-bCJt^SI!»W-K4, ^Ml 

fdT'jfeO. BoieNffl(0{iJ:ft--K-hcod'^<oio£Oiti:'j^ 

A^)^- h*»^>aSl OOai^JsK- h'^iOfWU- hCT) 

iWmSl luiEXT>yr(b)(4. 
(b. l)-r^TC0.-K-htitt-SS»W-h*«^L< 
=5:5 J: a fc:jiS^r^i-fc*rr-5^S-7a-iE-*^L 

(b. 2) MiaXT yTCb. 1 ) T^^^iT^SWl^ 



[iS*a4] luiE^x-yT (b. l)<n>%mt. 
(b. 1. 1) .-K-hc0^t>-Cic«J!l«V'-bA(?5fc<^ 
^iSSftSXr-yTt, 

(b. 1. 2) x-h^-Vit^-h^^-Vi(rm<r»^^ 

SXx-yTfc. 

(b. 1. 3) Xii-i^-VHiAy'^-RJf^ii^-Vie^ 
( b . 1 . 4 ) A*3K- h i <Dm^U- h Ri&lXai:^J 

aA:>3^- h'-K^ y^armieaj:>j5K- h^-K^ yi^ s-^ 
(b. 1. 5) it j<r)mtr>ya'-iiznthy 5.^)1' 

SXxyrt. 

(b. 1. 6) il®I«U-brijSrru+i8ijfc:ie« 

(b. 1. 7) ■r^r«0;K-btcov>'CirEXf yr 
(b. 1. 4)~(b. 1. 6) im*)m-Xf-yr 

t. 

h 3!)*Sf:t$ii5 J: o tz^X)J^- h izti\,^xr 
5 — fe/l'Sr ^ LB.-:?||-fe;k*>'A:'3^- KcJiJ* tT V ^ 

'yi'-ri>:ittzx^xmT^ti. 

m^'Ui'' y>«l**lJjU:T*&k# 

vj<yh^tih:iti:msLt-rhm^3Mmco:^. 

mme} r^—tMi.^izMi^iihff)X'ii^j: 
i j!)^'^) j ^<Ogi*<oy::tf>tcdf j.-^ y^'UTV^Sr 
«ii^dij&l^B5iie:7^j^'-ybffl{4. #I^S;^x-yrr 

IH:;W*«i t j col^&m<r)fzibiz^:L~>( y 
tSW y ^ y h 5<tS C: t S:!^©i:-rSfS*«6iB» 

A:»)^a.-*i|acij2:fiy$L. 

ififfiRcijtt, tm^wj-vhrntz^K. 
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imscm 101 s 1 coi^. tfm. m^ii'ifi i 

i t j COST' -fe/l^SreS-r S Z b H^X'^ i>Z.b iX^i^ 

m. 

r>(nx-hfir^-v\zi^hWt\y-v\t. W.\r><r>x-hiti 
-Y<r>^m>^:i.'-^zm-hWkv-v<rmQh^^ m 
gNfflioai^j^- v<r>=>*:><r>\ ^<r>^-hif^-Y\.znth 

^. 

^^tlX^^hy^-'^iVffmzn^-fh^V'J^y biiS: 



[ mm. 13] S — tiS cOTJi 

^r<, ikX^^^-if^A^i^'m\^. frlE^dijJilif 

c:t$r!^t-ri.^^Jll liBiiiOi^i-T-^y:/^^ 
#®!i:-rsif^i 3W6.<ni/:L~-=r<y'!frf'^y9X 

■ XA yf-. 

fiiSScijJi. luS^W-v'-y hffi(c^L<, 
^(r>tz»btz^sL->( y^r^tih^^-^fi^ffMtznfB 
fiiaScij{±, ^mfSxf'/yz'biz. Ob l<?DS<^h 

zb^imbthmtmi 2iea<o>'A-T-< y^^r^ 

y:7x - x-f >y^, 

[^*3S16] i t j<OEI<7)a;^^'i^3y3!)^flFBrS^^. 
yi^^tiX\>^&^izti. Wm^fl^imi^^titZb^ 

mLb-rmmi swmi^^-'r^yyr'yy^x 

■ X-f yf-. 

b j iOScO:^rjL-tC^?tti-i,J^. BuE=^ i b j 
<0ST--b;l-5rgj*-r & ^ b t>^T^ i>Zb irmMXiri^a. 

-yizm^t. Cii\iifa'r¥9 0jiyh^tii>zbi 
WBSLb^i>mm i esmco'^s^-T- < >yf^yifx 

■ X^ >y^, 

imm. 181 X^ y ^W-y-T'-b y h*«iS^ 1 1 E 
Woi^cL-T-^yirf^y^x ■ XA •yf-Cfc^.i^i: 
x^ yi-^^?,;ib^mLb-rh*'yh'?-^yyi^ 

XxA. 

[^JoPittl^UiHHl 
[00011 

X^i^ZL-^JyiT-miZm. »{CA*=¥JL-X>f .y^ 
t;j3ttSSV^X;P- r -y b 5rji«-ri>>tft<0x JL-T -f 
y^^y^y^XCshooting blanks):*rffiK;ltt6 . 
(00021 
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[0003] yfmffifm^ ^w^f^i^i^ 

[00 04] 2Si^yy tii. mHzmiFrr?>Xoiz. 
ISSCDlMS-l. 1~1- 4tl. 5-1. 8kV>d2 
'0<7)m^l,z^mthZk1)K'^X. mi . 9¥:ifit><r) 
2^(r)fk^(nmzff)7t.&SthX d^|6i/77^v^ 

d^2^f^yylzX^xmm.-thZbifiT^t. fflti, 

cofflOffftJi. Jti51-|.^A-*^^2iO]MtJ:-5-ca 

[00 0 5] 2ag -7-y^>^ kti. i:«0]Mt>a»«oai 

mmwi (hi^^mmx.) ff)i-:>imtrhztiz 

[00061 • Srk (^^X) v-y^y^k a. liTIS^ 

[0 0 0 7] • fi±a;»-7 y^y^ kti. :/77rt<?5ffl 
[0008] [ i^Xr WJtWS^t^*^ 

ir?>XoizmiLXiirj:i:>^\\ 

100 0 9] zzxii, Nm(r>X:h^-hAX/Nm<7)& 
:»]^-h^W-tSi5'oxAx>f -/^^iiti^yrfV 

flKoaj:»j'-K-bs-#ti.x>f -yi-iztrnmrnx-hh, 

ixr-yTtv^d. ) X\ m^-^^X(r)n^-/V<r>^M 
ffiWk immt) i:)v-7-^yy-rh:Ltii^x'^t. 

Zbifihl, X:h^-\-^bizim7)^^-im-th 
t. HOL(head-of-line)7'D>ydf>'^J!)*5r?ll'iec: 

L. xfu-r-yViufKmrnth-^m^mh. z<r> 

J: 0 ^r^o 'y^yymAZ':>\^xmim:m!,i. Mark 



J. Karol, Michael G. Hluchyj, and Saauel P. Norga 
n, "Input versus output queuing on a space-divisio 
n packet switch", IEEE Transactions on Conunicati 
ons. 0DM-35(12): 1347-1356. Decenber 1987. (CE«$ 

[ 0 0 1 0 ] $ t ^t^M^^iV-r-bK h r 
ktcNfflco^jL- {Nm<7)iii:fj^-}'(D^ti^tHz1ciL 

mm. 

■ ThoBS E. Anderson, Susan S. Owicki, Jaoes B. Sa 
xe, and Charles P. Thacker, "Higlr-speed switch sch 
eduling for local -area networks", ACM Transactions 
on CoBputer Systeas, 11(4) :319-352, Novenber 1993 
- M. Karol, K. Ens, and H. Obara, "Inproving the p 
erforHince of input-queued ATM packet-switching'. 
In Proceedings IEEE INFOCOH' 92, p. 110-115. 1992 
• Nicholas Uilliaa McKeown, "Scheduling Algorithns 
for Input-Queued Cell Switches", PhD thesis. Univ 
ersity of California at Berkel^. 1995 

[0011] ztihizmL^tix\>^hm (mssii:h^ 

:L—A'yy (VOQ : virtual output queuing) i:V» 

3. ) {i, 'mmmb lx. ^^qbcos* L\.^mm 
^wmti.tiMzm^^^ixh^y'tvxhh. mmuz 

t4. VOQt X>{ y^ti. ffl«2rSS?-rSl^t 
g*l/v:7l'^>'h'«Jr^*^rt6. H2J4, N=40V 

oQx^ ^y^ffy-m^^Tcf^s^immx'iih, 

[0012] A*d^- h i 3&»<c>aJ:>J^- h j \iZ^<i^ 
%bki. ^^b LT . I XT- -y 7"fc & tC 1 m<n^^'y -y h 

UK X:f}^-h ii}^t>tii:hyi^-h jizm^ixh^biW. 
mth. f^y-y i izW^thV-ViR 

V uzWt-f^v-Y^Sjb't^. 

Lt^. ^rtJ, Z.(7ymnzii\\x:. i»irr"^.TOA*'-K- 

hi^L. i\it^X<7)mii^-Vi:mt. iE#5rfflM 

tli^rv^*^ mmts:<m:-ti>x^r^-vi}-^j:\.^m^\.z 

XA >y ^«gST'$>S k V^o . -r^TW i . j toV^ 
X. Ri, Sj<100%«i:§. Yyy<'/9Mm^^ 
iihb\^o, 

[00 13] ilV-^X^ y^bX^i;:i.-^}yy'\Z 
ff>3;.o*j:^;i.-^yyi'X'r-t>^<7)mWjM\>i. 

yi/i/XxAcOfiW^PSk LXX^ -yf-J^ffi 
mth. fzfzL. *i%H3(4, x-( yi-izm^^tl&heo 

>f y^^'^XTMzmm^mxht z b tasi--^^ Tf> 

[0014] >f y:J'-^>yh<7)^J±. /U-iS'RXfX^ 
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[0015] /z^^X^ -/f-<0^tm{±, 3cSl7 r 

aP5ii2S8V-y-f (MWBM : MaxinuB Weight Bipar 
tite Matching) ^jfiJffl-TS t><0X'*-5. Atil:^df-h 
3!r«l 0 0%§*TiMH-&'iJS*«=5:V^I80. 3&»^rOHR 
B<P3rll^{R^wt,fC. MWBMJi^^J,^::t 

Ifi^ Tassiulas and Ephrenidesji^ HcKeown, Ananthara 
B. and Walrandi:tJ:o-CSfc4;t::5^§itit. iX")}^- 

• Leandros Tassiulas and Anthony EphreDides. "Stab 
ility properties ofconstrained queuing systems and 

schedul ing pol icies for naxinun throu^put in out 
tihop radio netniorks", IEEE Transactions on Autona 
tic Control. 37(13: 1936-1948. DeccBber 1992 

• Nick McKeown, Venlcat Anantharam, and Jean Walran 
d. "Achieving lOOZ throughput in an input-queued s 
witch". In Proceedings IEEE INFOCOM' %. p. 296-30 
2, San Francisco, CA. March 19% 

[0 0161 L*»t^r*«'9. MWEMOBBaifSttacO* 

ac0||tfll#fa{±, O (N2 1 ogN + Nm) mfO (N 
»/2m 1 ogNC) X'hh. fztiL. N«X>f -y^rtcO 

^\,zmthmm^j:m!^zr>\^x\i. 

■ H. L. Fiedaan and R. E. Tarjan, "Fibonacci heaps 
and their uses in iBproved netmrk optiaization a 

Igorithms". Journal of the ACM, 34:596-615, 1987 

■ H. N. GaboM and R. E. Tarjan, "Faster scaling al 
gorithns for netMorkprobleBs", SIAM Journal on Cob 
puting, 18:1013-1036, 1989 

fc. MWBM(!^^=5rieKHfflllgWTftS. MWBM 



[00 17] :LiX\,zn\,X. K^AX) 2SPV-y^ 
(MBM : Maxinun (Size) Bipartite Matching) 

\izm^<x'r-J3.—^) yyr-ru-^\z\XiK<m'o<r>i. 
[00 18] {\) %\\,z. mi<ryms^(r>Vi^mm<rm 

•^h'^t>\,zmwjmk\,z-r>\\x\t. 

• J. E. Hopcroft and R. M. Karp, "An n^-^ algorith 
B for BaxiBun Batching in bipartite graphs". SIAM 
Journal on Cooputing, 2:225-231, 1973 

■ E. A. Dinitz, "Algcn-ithB for solution of a probl 
eB of aaxinuB flow in networte with power estiaati 
on", Soviet Math. Dokl., 11:1277-1280, 1970 

- S. Even and R. E. Tarjan, "Network flow and test 
ing graph connectivity", SIAM Journal on CoBputin 
g, 4:507-518. 1975 

^zm^^i^x\^h. 

[00191 ( 2 ) milz. Zff)imr>X:hii. 

-*^ST'3>i>*>S*-tOV^T<0ail ( N2 t'<y h ) L*» 
<mtL^\.\ ;itHZMLX. MWBM&{4. «-=^fi- 

[00 20] Li^L^i^h. M'WBMtitKt:m^<r>M 

^-yiznLx^^'hhbimh^^^zbThh. # 

McKeown et al.(i, ff^^tltWEMffyt tX^ 

X\^i> (Nick McKeown, Venkat Anantharam, and Jean 
Ualrand, "Achieving lOOK throu^put in an input-qu 
eued switch". In Proceedings IEEE INFOCOM' %, p.2 
96-302, San Francisco, CA, =Sr#M) . 
[0021] U»L.. l^Bll^m^mz^J:hi.o^J:ffmV 
^ 'f9f^9-y<r)mm\i^9yxtiihhz.tin'm 

^iXh. ^:<:0^7XC0h77 ^ •y^'14, yffi (balanced) 

h=yy 4'j^f^^-yx'hh, ^mvyy^ v^)^^— 

[002211. MBMti, ^ffixyi/'jL-yy:?^ 

mr>isyv ^ y^^-i^ a yizHLx i o o %<r>m^i 
imtt:itimt^tiX\^i>. ^Xijyi^-hl^hjidi: 

NTiiO-t^TiOHr^l/?:'^ J: o fc'THKOl^-C/I— 

'riyy-rhzti}^mTS>t. isiTimmzt ■. 

■ G. Birkhoff, "Tres ohservaciones sobre el algebr 
a lineal", Univ. Nac. Tuceoan Rev. Ser. A5, p.l47- 
150, 1946: 
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• Shizhao Li and Nirwan Ansari, "Input-queued swit 
ching with QoS guarantees". In Proceedings IEEE IN 
FOCOM' 99, voluK 3, p. 1152-1159, March 1999) . m. 
•oX. MBMffiS:T|aiffifflLTffift2rSS?-^-SCfc*«-C 

[0023] 2 . s?E. M B MTrp-^<oet»i«-r 

1 0 0 2 4 J WSS&S^M. ^^57aiftfflS'CtT;l' 

~hb tAiJ^~ h t (TifSXvU-T- < yy^ixi>K^ -fe;!^ 

[ 0 0 2 5 J :SJI^(^S^^Tv^^,^Jt^i:^o;:^i^>;JL-'J 
y/^rStt. 2o<0;{r-r:fl>fc4)'»t'5>iiS. ^*-<W 

fc, #SL^^^t>«0 (MBMtCj:r)T«?j^$tLS) T'ft 

[00 261 MWBMrro-^Tii, 2g?7'77«0ffl 

asijd^- h j ^(omiizii. A:^J5K- h i (c^ y^/ 

mt\^m^m\'^^Mx(>tit. i<m. nt^tu-zvyy 

^raiO||fi4$Ii{i, O (NM ogN + Nm) Xt^O 
(N>/2mI ogNC) TftS. S4>tC, Ztl^(0:hW: 

(il^iJW, T**), 

■ Adisak Mekkittikul and Nick McKeown, "A practica 
I scheduling Kthodto achieve lOOZ throughput in i 
nput-queued switches". In Proceedings IEEE INFOCO 
M' 98. p.792-799, San Francisco, CA, March 1998 ; 

• Anthony C. Kam and Kai-Yeung Siu, 'Linear coiif>Ie 
xity methods for bandwidth reservations and delay 
guarantees in input-queued switches with no speedu 



p", IEEE International Conference on Network Proto 
cols, Austin, Texas, October 1998) . 
[0027] MBMrro-f-CJi. '^m^kWckMSL<0^^ 
^•y h ^ AX D>y hZ'tiZ)U-r->(yy^tl^. M 
WBM&J: OtlSiSMtcffinTJiv^i,*? (ISt»<0S^<0 

BMjits^fc Lx. i£^«x>f '/i'<r>]mmf^<^i>bx' 
ii^mmm^j:-mTh^. p i m^s l i p(dx 

yi-yyizmiAtx ob-ri i><oxhh, armi</>z 

b : 

■Nick McKeown, Martin Izzard, Adisak Mekkittikul, 
Williaa Ella^sick,and Mark Horowitz, "The Tiny Te 
ra: A packet core switch". In Hot Interconnects I 
V, p. 161-173, Stanford University. August 19% ; 
• Nicholas Uillian McKeown. "Scheduling Algorithms 
for Input-Queued Cell Switches". PhD thesis, Univ 
ersity of California at Berkeley, 1995; 
■ Thoias E. Anderson. Susan S. Owicki, Jaaes B. Sa 
xe, and Charles P. Thacker, "High-speed switch sch 
eduling for local-area networks", ACM Transactions 
on Computer Systems, 11(4) :319-352, November 199 

3) . z^x(><ohJL'-oxT^ y^ryu—^iitti^ 
ypm(m^v^y ^ yi^f'^9-yiizni.x\i^^^ 

t:^ZbtPhl. 

[0 028] [MBMKJttSX^rj/A-yy^^hjL- 
yXx-^-y^X] ^m^tZii^m^tlhtolZ. MBM 

x'hh. zzx-m^nthMBum^^^^-oxf^v 
^x«. imti>-ti^i^3yivDiz§mti>mix. 
^t^t^MB Mm^nmm:itm\mf^titbizm\'^^ 

[00291 P IM : miKm.'^y'f-y^ (Parallel 
Iterative Hatching) ^^b LTO ( 1 og 
n) X'^•7'yi^y^lZlm.■thy^:^-VX7■^ •y^'X 
X})h (Thomas E. Anderson, Susan S. Owicki, James 
B. Saxe, and Charles P. Thacker, "Hi^-speed swit 
ch scheduling for local-area networks", ACM Transa 
ctions on Coiputer Systems, 11(4) :319-352, Noveiri)e 

r 1993. 2:#ra) . ^'L—v-g yrttc. v yf-y 
i^LX\>'^^j:\>^XMK ^ju-^ yy^tiX\^h-^}l-^^ 
^l.ft<c.«9>Stti:»Jt^*Lt:il^ (^) S:-rS. -r-y^ 

comnzhtz^x-my yyuzmi^^o zbizx^ 

X 1 ocoS^S-gttAtlS . 1 -?c7)A^*«1ia<OllFi5r$- 

Anio^ss?-ri>. 

[00301 RND : RNDh jl-'JXx-< "y^'X<± 

piM(ca«iLTv^s. imm. ^^y&yy\jx\^i 
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r003 11 RR-RND : ^^^y Hoh'yffiRR- 

NimtLxitzn^yi^v^yv^tih. i 

[00321 SLIP : S L I PJl. McKeowntCi-:) 
X^^il. iKmzfm^tlXy,'^^ (Nicholas WiUiai 

HcKeotm, "Scheduling Algorithns for Input-Queued 
CellSMitches", PhD thesis. University of Califomi 

a at Berkeley. 1995, $r#^) . ^XiJ^i^- hRt/tii 

■ti>Xd^j:t}(i>vphtiii)izi^T^^i:mh. 1^(0 

»:^ti>tifii^. MzmimmTi-^^-Mi. a 

+ 1) modNtC-br ybSill,. X:h^-Ui. S5tS 
|sl«tc[H|-r. 

[00331 SHAKEUP : SHAKEUP^Ji, 

^mmnm^o 9/342 .975^ (^mmamt 

mBtiiWmm- 1 1 - 2 4 4 6 4 > tCtiV^T*fg 

mcommizx^xmx^tit:i>(DThh. shake 

3&«S^$^lt:oS (li5ie!^ffi¥l 1-24 4 64 8#^# 
!S<Oik) . Z<Dimi, 2aJ^^57T. Mfe*>«0%aB 

Art<o-?-/^y^^LTv^^:vv8.iMtt, ^ti. 

IMS .y ^ y jT^SiJiJ ^ix-S t V ^ ^ c: t TJ) I. . 
Af*Wt«, iJ'^^<tt.l*C0ffl<0Sg^-C'«>6. *^a 

Sa09*.01-p (0!li.{f, (x. y) ) Sr-ai5y^ 

(x. y) ^-^yi-yyizjmti. yimizm(2.. 

y). zeAtiijVy^y^LTV^SJ©^. (z. 
y) $-V7^>'^'*»4.I^L, (x. y) Irjiaim.. 

SHAKEUP4»tC. ArtcOlgiC<0]M*»'Brt 

mtmAt^-yi-yt^txo t-Thi*'^. Art«os-& 



S. CLd-C. SHAKEUPJi, mnz^^tlX)5(> 

■f, Artco-e-yf-y^^L-C^^v^iMtov^T^y^^A 
t:SS?Sn^JIWJ-ClltT§ni.t<R^-r^. SHAKE 
UPii. 'J'-^j:<th^m-?y^yybmt:k^^co'7-y 
i-yyi:^i- (SHAKEUPizmthmSi^j:msRl/ 

1 l-24 4 64 8-f$r#H§) , 

[0 0 341 ^t>. P IM. RNDSl/SL I PfiOhj. 

xiizxh , t A- u XT -f -y ^'xii, 1 ia<^)iiif 

K^^v-l^By) X'Wz-7'y^yyi:^-ynhzbii 

[00351 

-'jyi^umt^. ^izmmx^f -y^-^^-thfzMz 

[00361 ^mmsmi. -Sm: hyy^-y 

-m.^mcfh^h\izhh. 

[00371 H^WmmM. MWBMX^i/a 
[00381 

.•K-h*aih77^<y:?S:i^$-fr&. :/5w{ir.5, 
L^'irf*, MBMSit«MBMre5iC0hi-UX 

fHsc-rs . mm<nif^'- Y\ty^ - h 97 ^y ^tcjtiB 

[00391 mmi. ayi^^-^^^tv^xy'J 
j.-y yy:mt tx . )V~=r -r yif\zm^t>iih-im 

iJtyjL-x-f y^f^fyyi^x ■ x-f yf-Srfflv^Jt*-/ 
[00401 *56H3t ititf , N<i<7)A:J]=^ j>.-5- 1 o 

coyju—Tt Lxwm<r)y)v—T^^-fi,i^ XT Affile 
axo. ay}i^-^izx*)^^tifzx^ifA-oyy^ 
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[0041] ^wn<om<^mmizxtni. b $r*-f 

lo<7)A:^3j^-ht*H-SSI«U-M4. ^lo<0A* 

SfMU—hti. IJEMfflOA^J^K-hiO-eix-f^ii^^) 
m 1 ocoas^J'-K- h^tfDiiJ^^- KO»t'J>S . 
[0042] »^L<li. :J<5— b;N4, i-'^TcOd?- 

h izifti-hpmu-hm L < i 3 fcjis^=^f A- 

[0 0 4 3] »iU«4. ^«J4. ^-hc7)3*>-Cg::«; 
S»^-hA<Dt,O^I8»'J-r&>?.T yri:. A:»J'-K-h 

i b aj*sK- h j <minn'r -y h^i^- h r i j i& . *J 
fflfeiliW-haijtCl?J»Ht-t^XT-y7-t, A*»'-K-h 

•yrt . A^'J'I^- h i ff)m\^-hRi&t/tiiU^~h 

-■K- yiS^&Vmiai^^-h:it^ y^ y ^' 'J 
;»<yhf SXr-yTt, i i: jcoiac07 0-tcJtrS:J^ 
5— lr;P^, Ri*«Sjjyj:'CJ>*«^J4P-hi8io=A 



SXx-yT-i:, -r^TiOdf-hfcov^-Ciaxf-yrS: 
^Oii-rx-f-yrt, *>^>'5r5rn-bx5:ffifflLTIIR 

[0044]ff*L<«. :tlS«4. BSfiMP-h*«gi 
^trSixS J: d K#A*;K- htct5V^T:}^5 — 
-rsxr-yrfc, l|■t;^*^A:>J^-^^^Sfl«LT^^I.fc 

-b;K0iatJ*E-r^:5'l'i'*-yhfi?-«»L, xyi^jL- 
yii.. ffliB7 l^v-' y 1 JjLh-CfcS b # #^<^ 

mti?> bmsii^ wj-v vmi 1 y ^ y b $ii 

[004 5] ^t>\zntL<\i. y^—^Mi^f,Z^ 
l£$*i.5<0-CI4=5:<. «-A*^*-*^dij5-fii^ 
CliT^ti. luS^'l'y-yh«fc^L<, ii^^xj'^ 

[0 04 6] $^>t»tL<«4. \t}<rM(r)a^9i^ 
3 >*W$iTJt t # m.^)V1fi i fc j <DScO<SiO 

ii.»>iz^a.-^yy^tix\i^h%^\iz\i^ wm^tvim 

[004 7] t9 l-:>co3t^tfcv%T, e*L<Ji. ^ 
S— b/M4^SnScOT1i^r< . #A:ft^A-*»1gcc 
ijSrfiyt^l.. CK^tt, inS^'^^'-yhfifc:^Lv\ 
CijSt^friB^ l^i^' y hfflJi. i j ^vcoej^cOTtiT) 

msm^hh, Hijisacijatf85iB^Ui/-yhfitt. # 

^SXx y r^t fc. Obi <m<n>Ym: b h r i jJt'ft 

^y^'J^yh^tit. 

[0048] #tL<J4. it jiOra^^rJ^^^-ayj&s 
llF5r$iiX:i: §t=. IHr;|/*« i b j <Oia<oe^O/ci^)fe: 
=^i->r yir^1xx\^hi%^i,z\i. WSiM)\^imik^1x 
5. 

[0049] »!!<7)2mttJV^T, »*U<(4. Cij^l 
A^T'i' set ^X^'J^-vkzmm-^, 

[ 0 0 5 0 ] 3|s:f|HBo t> 3 1 o<?)IBIfflT'*S >- A-x -f 
y/:?'7>':J'X • X'f -yf-Ji. M + N<i<7);K--hi:, 1^ 
-Vmmb. jfB^^Si:. b;P^St. X 
^^^'^-7 1 S-^rrS . fifBsK- Ki. Mflic7)A:brff- 
b&yNfflcOtH^j;K- h*»/i>^: 0 , ^Mffl(?DA:ftjK- h 
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a^Bg^St J: r>-C;9J^Sii:tS»^- h-CrJ^S — b 
[ 0 0 5 1 ] iff* L<«. m^^JSSti. 

[ 0 0 5 2 1 »* L«i. ^^5— feyH±ISgtC^$*l. 
iff)X'\i*£<. #A*^jt-3&%dijS:fi^5. 

[0 0 5 3] ?^>tcff*L<Ji. i jcoS^On^.^'i^ 

[0 0 541 ijoi-^mL^i,zi5\\x. »*L<ji, y 

[00 5 51 $<otC»*L<Ji, i t 

[00 561»iJ<OiSm=i5V^T, »*L<{4. Cij^l 

tfzii. m-^}i^ibj<nm<^^^-i.zmEt 



[00571 ^ft/m^hizh 0 1 ooMMt: iiUf, 
x>f >x^c7)-9-:''-fe-y h*5xa-T-r >'/:?'7y:5';^ • ;^ 

[0058] 

i^<7mmcr>mm} [iva. i^^-r^fy^r^y 

(AAt!tJ4!t5:*j<ov^-m-cfcJ:v^) fc:iJV^Ti"J 

[00591 03J4, ™&7O-<0X>f -y f-CO-M* 

zzx^i. gtsv^ft^<o4?-n± 
^^•^^^^±<^)A:^J^^^- h-ci>i. . i^^L-f 4 yy-^^y 

^ xm-C\i . -r^X(r>X}Si)iim h AtlJSrS 

:Jr-y h^SrLfvrl*. MBM*}t{lMBM||jg<Ob j.- 

U^^T ■< >y ^fXimm L-C/P-T ^ y^^sns^^sBft 

^tts-r s . ^nmco^i- uty^-hyy^ y^'iziet 
s5i-m<7)mAizmmtztm\'^t:ib. ^mm. 

'7y^yirfiZ^}ibhXo^:itiP>ny^-^^y-yV 

[0060] i^jL-T ^yy-fyy^xmi. s-x^i. 

S^fll^^W^I.. ( i ) MBM5KI<0*S«:ffifflUT 
v^^:**^,. MWBM<?)ffi*iy;;S^ttt:EaH-5C:J:35Pll 
«Wt^§tLS (-bi^i^ayi VD$-#HS) . (ii) 
MBMhjL-'jXr-f '■/^XOiUiZi^^L-y-^yyry 

y^xmUjimi-tt:it\.z]^i>:it-f^-^y Ktt 

/h$< (-b^i^gy I VB5r^.) , MWBM*SV^i 
MBM(;Offiil$tit^Tt.i|j|tilffiT-#S, (ii 

fc«*LTfcO. WS.<7)Xiri^A-*jyy^mtm^^ 
[00611 [ I VB. v-ji-T-f y^^T'^y^'XOH 

m u^mm<n^mmtz':>\.^x&.Tmmr 

ntL\mm<^x^ v^a. ^-tix^am (qo 

S) ^T-iSf^L, 70-J4. if^$iTJt#«2rgt^-r 
Sl^Sr^r-rS. ic^WSJiW-h-C^^ft. i-jy 

y^', -r^i?^, A:^5K-h i tai:»j^-h jcos^'j 

Mz^mixtzv-vcmsx'hh. mix-^m^ixfcu 

-Hll^#3yha-7 (CAC :Call Adaission C 
ontroller) izHmiXhh. ^ vYV-'^i^Xy-J^ 

■^Srii tT-^'J)l. t ttl^x-% 5 < 

[0062] *5iHflc7)i^A— f-f yyr/yy^xmi. 
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[00 6 31 (i) 1tm (Fill-tip) 

[0 0 641 ( i i ) ^ (Generation) 

jr^-j^ir -y h S:^-r S 1 5rfi^-r S . 
[0 0 6 51 ( i i i ) llliO;?.^>''A-'J>'i5^3y^ 

-^yhTi±. mmtifz^coum (»iu<{±, m 

B MiJtliMBMWKOh a- UJ^-r-f •y^'X) 
[00 661 [IVB. 1 3f£«3>'JK-*>'b] 04 

jX'hh. z.titya)Hi^y^\i^ AiO/hSv^ftitiOA 
half ix-'f >-:5' y ;< y h 

^ixl.. i&l^jOH^rtcitLT. Ri, Sj<AT'& 
4. A-Ri<A-Sjfcfl?gLTt>HRttS-3teb=3:^^. 
I'- H /8i j = A- Ri<?5 i j ^co^ o-SrjillD L , 

Ri- <AT-J)SJ;9^ij?Oi ' >ifc^i!rfS. Cl^O 

[00671 -^^y^^-^yy-ii. m^2n-imf^ 
nMA Sr^-tS t agtc;|6i*»oT jttf J: fcfflJ: 

[00681 [IVB. 2 ^ny.-K-^t-yh] ^ 
«^-h<OV— bS:Afc-fS. Z(0ay4i—:^yhii^ 

{4. 117 o- (0|;t.tf. A:») i*-^>) 3!)^*-?-<7)^-t'-^S 
hCioT i tcitLT^§ix/iW-hA5rSI 

[00691 4«3:^^-*>'ht=itrS±iB<i02-:)<?5 
Srfflv^S. A^Jiti. *>idt'A<7)^U-bt:\ 



w\-ir.y hi0^r*llcJti5LT 1 i^^{40t;^iiS. n^-^T 
>y h*«A:^J i tiiV^TJIitS: j t Lfdp j.->f y^^s^t 

5. trdf-y\'.y^':firiefc:J:Wf. i^i-T^-f v^^r^y 
^'XcoieKJi:. ||7o-Osflli^^'Jj/>'^<Pol icing) 

<ttt/\-K'5'xTT^fcieiBrfig^r^r&-C*)&. )S 

[ 0 0 7 0 I ? ^>tS6^^K#-tl.Jti6, ? ^iznt L 

»$iiSOT{±=SrV\ Aai:ft^-h«*^.«9>S'«.r 
( i . j ) fcitLT. ii}-^j^comkcr>f::tbiz^^- 
^ yi^^ilX\>'^hy^-/^ir y h<^dii<r>/f.i!}im^ 
tLh. Zffmi. #i§iaxr-y7-rf:t. VtmriiT-( 

y^Vy^yh^tlh. dij>OcOi©^. X^=JjL-yli 
1 (■r^i'-fe. i-jia*'*2gK7'57l^(c#TtrS) t 

tlii-ja:^ifi^3y (ZtHidij>Ot:mmti>. ) 
5:I1F^L. qij>0 {Itm. mmcr)t:ibiz^a.-^y 
y^tlXi-^hm^^^y Vi}^hh:ikiMm-th. ) X'h 
hm^. mf^'!r'yhi}'fl—7-^yy^tl. dijillfc-ft 

x^'U^yb^ixi.. i-j^^-i^'>3yifim^^ti, 
1 fSiT^ v^yy- . 

[0 07110514. *f|ia(Cj:S$^.fc:»*U^ 

mx't)*). ^oy7tt-:^yh(0/f^y^^-xT(Dm 

m^^-tmmx-hh. :l<Dms&mT^i. vmmrro 

^t&.m5^Zti\,^X. i-jzl^f^'^ayizMLX^m 

ij (Ok ICOSO/J^ 2:^-5.. ) :tW>^"J;<yh$ 
ill.. ;*«>y^'OfiJ4, ftcottttOoSj?S/I^aL^ 
mtlSIKt. I^qij«4l|n-^.yhc^^{jl^ 
■tS. X^i^:x-yli. qij>0*3t{4cii^l<^ 

jL-^an-ja^^^i^ayirff^th^. Cij{41 

qij>0 ) ||>'N-^ y h*5;i—x-r y^^ixS . 
[00 72] [IVC. 1 z^j:L-7-'iy:^yyyi/X 

y^x ■ x^ -y^mt L\.y^mi:Wctimimm 
X'hh, i^z'.-T^yyryy^x - x^ y^ii^ Mii 

<?)A^)'-K- h6. 11-6. 14 mfnm(r>^^r^- V 

6. 21~6. 2Ai^hh(r)b-th. ap^. 
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tzX^ ••/f-T1iM = 4SI/N = 4T*S. -fe/Wi. X:h 
^*H0=^ri-(6. 7 11 — 6. 7 14«-|5<0^i- 

T'&l.. ) <od^3<oio{c=^fA-'f io<^ 
7 14J±. A^J^-h6. 1 li^^OiiJ^-he. 24 

X 4 = 1 efflc)^ . 

[00 731 V-Mi35!lS6. 314, &iMU~hff) 

-■K-h^Ufflll^S. A:'J'i^-ht^t^-S.S»^-H4. 
-?-<?)A:>];K-bi0NJic7)-r'^TO4f jt.-tSttSJj*!' 

]VHl«OA:^5K-KO-5-n-?ii*»^>-5-<oai*5K-h 

T<0;K- btc^ttSf Ml^- h*^'#L < ^rS J; d (ciia 

6 . 5 5E«^Stc J; o r^^^tr/ci'MW 

-hT':5^5— b;P?r^-ri.. 6{4, 

[00741 [I VC. 2 v-A-x-f >'^r7>'^':^ 
3.'-^<Vyf=7>9X • X>f yf-^fflV^fc^-y hy- 
7. U4. VKojbHOX'f /f-Sr^rl-l). C:it^><OX-f 
'/i-7. 21~7. 2 3*»i»'5:4. v'a-T^y/r^ 
gyiVC. 1 (06) tlBK^ixTV^S. 

[00 7 51 LivD. mjmim:t^^^x't>h 

"yy^xw^. i/z^-f-'iy^-r'jy^xmim^xji: 

^v^y^vi^ xmt. QMcoxyi/3t.->jy^^ 
h^L-VXT-i -yi'Xtm&Lxmi^^h^h^itt^ 



yA^i^f^^-ymim-th, mffm^xT-^r^z 

[00761 A:»3;K- h<0i}i3Si: (4. -eili^v y^y^ 

^ixh\^:h^~Y<m<^^tx'hh. Wimz. ai^iJi^- 
ht7)<j^tj4. iixn^-^^yi-yy^ixhx-hni-vffm. 
Thh, mmm&m\mmmiF^ 11-2445 

^tlh. >lC0h7 7^ •y^'^'>fr(4, McKeown et al.t 
SK^^l^ h57 ^ '/i/f^^-ycry-mitX-hh, McKe 

own{cfB®$<x7t h77 ^ -y 9n9-y\m^^1xi> 

ifi. X^ri;jL-«jy^<:frffi*iMBMT'J)&J©^tC{4^jL 
-36%i$9R{::d&:^t'S (Nick McKeom. Venkat Anantha 
rai, and Jean Ualrand, "Achieving lOOZthroughput i 
n an input-queued switch", In Proceedings IEEE INF 
OCOH' 96,p.296-302, San Francisco. CA, March 199 

:>J^- V^X^^<^^^-!r^-Vifiio i d if 1 ffl<07P- 
^ihK- h fl!!<0A:<)&t^ai:']5K- H4^ i 3 i:'2ffl 
<^:7D-^1hK-h-rS. #70-{4l^t.P-hTh7 

i^S:§<t, f60^J42AT'*#^S{t-5. v-SjlW- 
X-mi-fh, *v^fl^oA:'j3K-K3J*tT<l, S«t 

x-nir^-Yi,znLxM.. y^-^^mth<r>\zwii<rm. 

[00771 -9--fXN = 4aifN = 8«0A-f >yf-{COV^ 

^m-, ( 1 . j ) ^m. A*5K-h i *>^>a3:ft;K- 

b h^^-r. mVyy i y^^znthl^-Y 

'nma^x-m-, fyy^ \znthv-v 

■t, ^rfc. a^li. mmizsmLfcXoiz^^ti^ 
/8n(4, ff^tO-fe^^vgyi VB. HzmLtfzXotZ 

[0 0781 ■9-'fXN=4c^J®^, Tt-^at+fft^i- 

[00791 
[itll 
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0 A A Ol [O 0 A 

OAOA _ OAO 

AOAO ~ AOA 

A 0 0 aJ [a 0 0 

[0 080] ir'fXN = 8<0i^, re^as+JSg.-r 

0 A 0 0 0 

A 0 A 0 0 

0 0 A A 0 

0 0 0 A A 

0 0 0 0 A 

0 A 0 0 0 

A 0 0 0 0 

0 0 0 0 0 



0 


0 


0 


0 


0 


0 


A 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


A 


0 


0 


A 


0 


0 


0 


0 


0 


A 


A 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


A 


0 


A 



+ 



[00821 0gAgl/2<0«H*#il>. ttS<OJK 

[0 0 831 mAi. ^^<r)0>y ^ irv-i^^yizn 

tea. Q(r>m±hh\^\iT<nW&\t. -^coayy 

< crv-i^ 3 ynmmm.'&<n^imx^-^hm. 
T= 2 sbn^imth. 3f«fti9»j±. m^ffm^ 



0 0 A 0 0 
0 0 0 0 A 
0 0 0 0 0 

a] [o 0 0 0 

[00811 

m2] 



0 


A 


0 












0 


0 


0 












0 


0 


0 












0 


0 


0 












0 


A 


0 












0 


0 


A 












A 


0 


0 












A 


0 


A 












0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



1, 0 0 0;^x7Tri:»c^j.— 
[00841^1 izmWl^^i^-t. 9mr)X^V:2.~ 
^'^L08ffl<^.-K-h. •7yy^h'^<nB,m<r)iP-V\z 

ny^xf-xv^hx^^h. xiri^zL-vy^imii. s 

OiO^'^X. •r^h*>. MBM. SiPnSMBMtjL-U 

Wtii. ryy^^mistlm<r>ijb(r)hyy ^ y^iz 

{i. ^ZT<D^.(nBmX'iiiS^ttnkLX1^^-^i'r^tL 
h. RSffi»i1--^T4I5| (4>f^'^-V3y)||ffL 
ft. 
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[00851 iS^teSJi^^m 1 . 
7'7y^'J>0-C10 0%t'C^^-CJ>S. N = 8 

[00861 iJr^OX^rvA- U yifWsfn^ 7X ( Jlil 
{J, PIM-SHAKE-4. RND-SHAKE- 

4. RRRND-SHAKE-4, StXSLI P-SH 
AKE-4Sr^tf. ) <±. SA^t^-'JXx-f •y^';^ 



8%^<OK^-C*)'9. 8;K-hT'{i^^tt9 0%*-^>$ 
^tt9 2%^i7)eSt#r*>l). =5:iJ. Zilh<0:mi!fi. N 
=4<or5>':?=SrL<Oi^tMBMiOtSfft:iMW 

{4. 2SB^^77fct>l>TgfgeLTt>S)Ii*«^W-HO 

tv^^OJi, 2*^5r*-r-&y-m2<&<D»«i&-9- 

[00871 
[^11 









8 4?- 


-h 






















MBM 


90% 


100% 


93% 


10% 


PIM-SHAKEM 


93% 


98% 


90% 


92% 


RND-SUAK&4 


92% 


98% 


90% 


92% 


RR-RNDSHAKE-4 


93% 


98% 


89% 


92% 


SLIP-SHAKEU 


93% 


100% 


93% 


100% 


PIM-4 


S8% 


86% 


87% 


86% 


RND-4 


88% 


86% 


87% 


86% 


RH-RND 


88% 


86% 


88% 


85% 


SLIP-4 


100% 


80% 


100% 


86% 



[0 0881 mmx'r-J:L-^}vy-ij^i;'7X\t. 

JtiiWfiifii®tf5MBMbjL-»J;^.X-< Z. 

(r>9vX\t. PIM-4, RND-4, RR-RND, 

8 8%*»'i8 6%fc{ST-t-6 . S L I V-AMW^-Qh 
S. SLI P-4<'5Ji^<01 00%cOX;U-r>yK4, 

J;0. 10 0%<0x;P-r y h*f5rtgfc^rl.. L*^L, 
SLIP-4{i. C:cO09fcfc(t-&¥ffih77^ •y^'T'ti 
HRt, SL I PJl, ^<Ofii>a»h77 

imari 1-244 64 8^$-#g9) . vlcOlSiktfe 

*tt<ch77 ^ •y^'''N*^'-:yt:iS^>tt±<^»« 
10 0 8 91 *l|HB,^crOT0|{j. i^{c{4ia±« 

[00901 



-hm^-tKXio^-hizy^—bfvimm't, z 

O-ttZbT. MWBM (g^;?k2a{-7>yf-y^^) A 
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